Abstract The climatic factors are changing very rapidly in Malaysia. For the farmers to adapt with the changes, government and other external agencies are providing several supports. But still there is a gap between farmers' adaptability with climate change and current level of supports. This study uses descriptive statistics, ordinal regression, and percentile analysis to measure the level of farmers' adaptability to climate change as a result of the various existing supports and encouragements provided by the government and other external agencies, and new supports expected by farmers.
Introduction
Currently, Malaysia, with a population of about 27 million, is the 26th largest greenhouse gas emitter in the world. It may move up the list quickly due to the growth rate of emissions in the country. Due to high greenhouse gas emissions the temperature is projected to rise by 0.3-4.5°C. Warmer temperature will cause sea level to rise by about 95 cm over a hundredyear period. The changes in rainfall may fluctuate from about −30 to +30%. This change will reduce crop yield and cause drought in many areas so that cultivation of some crops such as rubber, oil palm, and cocoa will not be possible (NRS 2001) . The projection shows maximum monthly precipitation will increase up to 51% in Pahang, Kelantan and Terengganu, and the minimum precipitation will decrease by 32-61% for the entire Peninsular Malaysia. Consequently, annual rainfall will increase by 10% in Kelantan, Terengganu, Pahang and North-West Coast and decrease by 5% in Selangor and Johor (NAHRIM 2006) . This variation of climatic factors will cause the agricultural system to be vulnerable in Malaysia.
The average temperature in the rice growing areas is about 26°C in Malaysia. Under current climate change scenario, temperature above 25°C may cause decline in grain mass by 4.4% per 1°C rise in temperature (Tashiro and Wardlaw 1989) and grain yield may decline as much as 9.6 -10.0% per 1°C rise (Baker and Allen 1993) . Singh et al. (1996) shows that the actual farm yield of paddy rice in Malaysia vary from 3-5 tons per hectare, when the potential yield is 7.2 tons. They also says that there is a decline of rice yield between 4.6 and 6.1% per 1°C temperature increase under the present CO2 level, but a doubling of CO2 concentration (from present level of 340-680 ppm) may offset the detrimental effect up to 4°C temperature increase on rice production in Malaysia. In a recent study it is found that a 1% increase in temperature leads to a 3.44% decrease in current paddy yield and 0.03% decrease in paddy yield in next season, and a 1% increase in rainfall leads to 0.12% decrease in current paddy yield and 0.21% decrease of paddy yield in next season (Alam et al. 2010c) . Tisdell (1996) finds that rainfall variability increases the level of environmental stress that affects the capability of the system to maintain productivity. It is projected that any change in rainfall, both positive and negative, by more than only 0.4% by 2020 will cause decline in yield of paddy production in Malaysia (NRS 2001) . Alam et al. (2011a) indicates that total yearly rainfall in Malaysia is increasing and its monthly variation is too high. The effect of lower rainfall can be checked through proper irrigation system, but the opposite phenomenon of over rainfall for any particular time, especially at the end of the crop cycle or at the maturity period that causes serious damages to crops, is absolutely uncontrollable.
The climatic factors affect, directly or indirectly, the social and economic sustainability of the farmers. Climate changes cause crop damages, low productivity and high production cost leading to income losses for farmers, increase their poverty level, and increase their seasonal unemployment rate (Siwar et al. 2009; Alam et al. 2010d Alam et al. , 2011b . This is because the farmers are dependent on agriculture. In Malaysia, the most possible vulnerable states in terms of poverty rates are Sabah (23%), Terengganu (15.4%), Kelantan (10.6%), Sarawak (7.5%), Kedah (7%), Perlis (6.3%) and Perak (4.9%), where the projected temperature and rainfall changes are also very high (Malaysia 2006; NAHRIM 2006) . It is also observed that the most vulnerable groups of people are the poor engaged in agricultural activities and having relatively larger number of household members (NRS 2001) .
As climate change is a continuous and long term process, its effects and solutions are similarly time and effort consuming process. Most of the warming during the next 30 years will be due to emissions that have already occurred. Over the longer term, the degree and pace of warming mainly depend on current and near future emissions (Stern 2007) . In recent years, adaptation has gained prominence as an important response measure, especially for vulnerable countries. It has become clear that some impacts are now unavoidable in the short to medium term. According to IPCC (2001) , adaptation refers to "adjustments in ecological, social or economic systems in response to actual or expected stimuli and their effects or impacts. This term refers to changes in processes, practices and structures to moderate potential damages or to benefit from opportunities associated with climate change". It outlines few basic principles: adaptation to short-term climate variability and extreme events for reducing vulnerability to long-term climate change; adaptation policy and measures assessed in a developmental context; adaptation occurs at different levels in society, including the local level; adaptation strategy and the process by which it is implemented are equally important. According to UNDP (2005) , "A climate change adaptation strategy for a country refers to a general plan of action for addressing the impacts of climate change, including climate variability and extremes. It may include a mix of policies and measures, selected to meet the overarching objective of reducing the country's vulnerability."
Adaptation strategies for the vulnerable groups are crucial because failure to adapt could lead them suffer from to "significant deprivation, social disruption and population displacement and even morbidity and mortality" (Downing et al. 1997) . The most critical problem is to identify the appropriate adaptation policies that favour the most vulnerable groups. Policy makers should be mindful of the fact that adaptation strategies for climate change may not ensure equal benefits for all areas and groups of people; and a win-win situation among stakeholders is unlikely. In many cases it is faced with situations of conflicting interest among groups. IPCC (2001) mentioned few issues while referred to adaptation assessment as "practice of identifying options to adapt to climate change and evaluating them in terms of criteria such as availability, benefits, costs, effectiveness, efficiency and feasibility". Policy makers also need to focus on the determinants of adaptation capacity that have been suggested by Yohe and Tol (2001) as: the range of available technological options for adaptation; the availability of resources and their distribution across the population; the structure of critical institutions, the derivative allocation of decision-making authority, and the decision criteria that would be employed; the stock of human capital, including education and personal security; the stock of social capital, including the definition of property rights; the system's access to risk-spreading processes, e.g., insurance; the ability of decision makers to manage information, the processes by which these decision-makers determine which information is credible and the credibility of the decision-makers, themselves, and the public's perceived attribution of the source of stress and the significance of exposure to its local manifestations.
In the planning processes, policy makers need to take account of the barriers to adaptation including ecological, financial, institutional, and technological barriers, as well as information and cognitive hurdles. Other few important issues need to be focused upon, such as stakeholders may not sufficiently be informed about the needs and possible strategies of climate change (Eisenack and Kropp 2006; Eisenack et al. 2007) , farm level faces uncertain future which hinders the development process and poses as obstacle the implementation of adaptations policy (Behringer et al. 2000; Brown et al. 2007) , and the policy deals with different conflicting interest groups. Policy makers also need to understand the impact of climate change on changing socioeconomic condition.
In Malaysia, the Second National Agricultural Policy (1992) (1993) (1994) (1995) (1996) (1997) was revised in 1998, to emphasize on the impacts of climate change; and the Third National Agricultural Policy (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) recognised this fact. Provisions of necessary incentives and initiatives were incorporated in these plans to achieve the goal of maximizing income of the stakeholders through optimal utilization of resources. Due to the adverse effects of the climatic factors on agriculture in Malaysia, income stabilization and poverty reduction program among the farming community is under threat. So, to ensure the sustainability of the agriculture and the livelihood, adaptation with climatic changes is very essential. Currently government and nongovernment sectors are providing several supports, incentives, and subsidy; but the empirical measurement of the adequacy of these supports is missing in the literature. Therefore, this study is an attempt to measure the influence of external supports, like subsidy, incentive, training, and other supports, etc. provided by government, NGOs and others, on farmers' adaptability to climate changes. This study also tries to identify different types of new supports, beyond the existing supports that farmers expect for adaption to climate changes, and its linkage with the current adaptability of the farmers.
Data, model and methodology
To determine the climate change adaptation of the farmers in Malaysia, this study relies on primary data from a research project entitled "The economics of climate change: Economic dimensions of climate change, impacts and adaptation practices in agriculture sector: Case of paddy sector in Malaysia", conducted by the Institute for Environment and Development (LESTARI) of the National University of Malaysia (UKM) funded by Ministry of Science, Technology and Environment of the Government of Malaysia (Alam et al. 2010a) . Data for this project were collected through a sample survey of paddy producing farmers in the eight sections of the Integrated Agricultural Development Area (IADA) of North-West Selangor, Malaysia (Fig. 1) . Geographically the agricultural land of IADA in North-West Selangor covers an area of 100,000 hectare (ha), with 55,000 ha used for palm oil, 20,000 ha for coconut, 5,000 ha for fruits and vegetables and 20,000 ha for paddy. This 20,000 ha for the paddy area include major rivers, i.e. Sungai Sireh and Sungai Karang, a 75 km irrigation system, and other infrastructures. The total paddy producible area is 18,638 ha, and currently paddy is planted on 18,355 ha. Total paddy irrigated area is 18,980 ha, with the additional 625 ha being used for drainage. There are a total of 10,300 paddy farmers and 30,000 other crops producers. The total size of the agricultural community is 50,000.
The survey was conducted by regular enumerators of the IADA authority using a structured questionnaire under the direct supervision of IADA officials. The population size of the area was 10,300 while the sample for the study consisted of 198 respondents proportionately distributed among the eight areas based on the size of the irrigated land area. The 198 households covered 577.53 ha of paddy areas. The sample within the area is selected randomly. Details of socioeconomic profiles of the respondents are available at Alam and others (2010a, b) .
To measure farmers' abilities to adapt with climate change, this study uses a 5-point scale with 1 as very low and 5 as very high adaptability. To determine the statistical relationships between the climate change adaptability of the farmers and currently available external supports, this study runs ordered dependent regression/ordinal regression (Eq. 1).
Here, Q 1 = Farmers' capability to adapt with climate change; S 1 = Government supports are enough to cope with climate change effect; S 2 = NGO (non-governmental organization) supports are enough to cope with climate change effect; S 3 = Other agencies' supports are enough to cope with climate change effect; S 4 = Market support as availability of additional fertilizers in the market; Ω = Coefficient of respective explanatory variable; ε i = Independent and identically distributed random variables.
Based on the current adaptability of the farmers, this study further looks at other supports that they expect to improve their ability to adapt with climatic changes. Smit and Skinner (2002) mentioned that the options for agricultural adaptation could be grouped as technological developments, government programs, farm production practices, and farm financial management. Alam et al. (2010e) also provided a guideline to consider for adaptation policy in Malaysia. Here, these options are broadly considered to determine the Fig. 1 Location of study area, IADA in North-West Selangor, Malaysia required supports based on farmers perceptions by using a 5-point scale with 1 as very low and 5 as very highly needed for adaptation. To determine the statistical relationships between the current adaptability of the farmers and required external supports to cope with climate change, this study runs another ordered dependent regression/ordinal regression (Eq. 2).
Here, Q 2 = Farmers' capability to adapt to climate change; V 1 = Water management innovations is required to cope with climate change effect; V 2 = Irrigation system innovations is required to cope with climate change effect; V 3 = Moisture deficiency relevant innovations is required to cope with climate change effect; V 4 = Crop development is required to cope with climate change effect; V 5 = Early warning about weather and climate information is required to cope with climate change effect; V 6 = Daily and seasonal weather forecasts is required to cope with climate change effect; V 7 = Proper guidelines or suggestion is required to cope with climate change effect; V 8 = Raw materials subsidy is required to cope with climate change effect; V 9 = Cash incentive is required to cope with climate change effect; V 10 = Insurance support is required to cope with climate change effect; V 11 = Infrastructural support, such as irrigation, transportation is required to cope with climate change effect; V 12 = Diversify crop types and varieties is required to cope with climate change affect; V 13 = Adjustment in land use pattern is required to cope with climate change effect; V 14 = Adjustment in wage and leasing system is required to cope with climate change effect; V 15 = Merge individual farmers to farm is required to cope with climate change effect; β = Coefficient of respective explanatory variable; μ i = Independent and identically distributed random variables.
Government's supports for adaptation
Currently the Government of Malaysia is providing large amount of subsidy to the paddy producers to encourage paddy cultivation and to ensure more production for increasing the country's self-sufficiency level. The types and contents of these subsidies have been summarized below: In order to support the farmers to increase productivity and increase income, government's subsidy for agricultural sector is increasing each year (Table 1 ). The subsidies for urea and compound fertilizer have been continuing since 1979. The incentives for land preparation and using organic fertilizer have been continuing since 2007. Providing the package of compound and urea fertilizers and pesticide incentives was introduced in 2008 and is still continuing (Alam et al. 2011d ).
Current supports and farmers' adaptability to climate change
On the issue of availability of external supports, most farmers were found not aware of the current supports provided by external parties to adapt to climate change. 58.6% of the farmers agreed that government supports were enough to cope properly with climate change. But still 12.1% reported that they could not cope with climate change with the current level of external supports. 29.3% farmers did not respond to this question. 52.5% farmer mentioned about the supports from NGO, and 49.5% mentioned about the supports from other external agencies to be enough to cope with current climate change. But interestingly many farmers were not sure about what sorts of supports they receive from these agencies (Table 2) . Basically NGOs provide very little supports. Their supports include small scale training and experimental plot to test the productivity rate.
According to 75.3% of the farmers, the fertilizer provided by the government was enough for paddy production. This indicates that these farmers never use extra fertilizer except the fully subsidized quantity. Beyond the free fertilizers, extra fertilizers were available in the market as reported by 60.1% of the farmers. But 16.7% claimed that extra fertilizers were not available in the market or they did not have enough access in the market.
To check the reason for the differing farmers' ability to adapt to climate change, this study ran regression based on ordinal data. This model, where farmers' ability is dependent on external supports, did not show a good fit of model due to high p-value (0.27) of LR stat (Table 3) . However, among different types of external supports, at 3% significance level, only market showed significant impacts on farmers' ability to adapt to climate change. The odd ratio was 1.166, which is closed to the value of not important. That means farmers significantly believe that buying additional fertilizer from market is not important for their current adaptation ability with climate change.
Under the IADA the most influential external supports were same for all the farmers, such as government subsidy and incentives. Therefore, the influences of these supports on farmers' adaptation capacity were the same for all. Only for the access in market -indicates buying fertilizer, pesticides and other necessaries from market -differed from farmers to farmers. 
Required supports and farmers' adaptability to climate change
Farmers expect several types of external supports to cope properly with the changes in climatic factors. To check the relationship between farmers' ability to adapt and required external supports to adapt to climate change this study ran ordinal regression. The P-value (.000038) of LR stat showed a very good fit of the model. The output of the regression showed that, among several types of external supports, farmers significantly needed moisture deficiency related innovations, crop development, cash incentive, infrastructural supports, and adjustment in wage, and leasing system to adapt to climate change (Table 4) . However, the necessity of extra supports in respects of their current ability to adapt showed vary low odd ratio, indicating that these supports were not influencing the farmers' current adaptation ability. These supports might be related with their future adaptation ability. Individual requirement analysis will give a clearer picture in this regard. The notation^indicates the variable is statistically significant at the 5% significance level The Odd ratio is calculated as (e^β ) As the needs of farmers differ from farmer to farmer, more in-depth and specific requirement is possible to measure by categorical and individual type of variable analysis. Among all types of resource management innovations, water management innovation, irrigation system innovation and moisture deficiency protection related innovation are important to adapt to climate change. 70.7% of the farmers expected water management innovation to cope with climate change, where only 8.1% disagreed. Further, 70.2% of the farmers mention irrigation system innovation was required to adapt to climate change, where only 7.1% disagree (Table 5) . Furthermore, 72.2% of the farmers emphasized on the need for moisture deficiency protection innovations, while only 4.5% mentioned it was not that important. 68.7% of the farmers reported that development of new crops or finding out varieties of crops, or innovation of climate change tolerant crops were needed to cope with changing climate, where only 9.1% felt it was not important to cope with changing climate factors.
Among different types of information related supports, farmers mostly expect early warning system for the changes in climate factors, accurate and timely forecasting system, and proper guidelines and suggestion to cope with climate change properly. Better information system for early warning about changes in climate factors was considered important by 80.8% of the farmers, while only 4% did not see it as important. Moreover, 72.2% of the farmers agreed that weather forecast was also important to adapt to climate change, whereas only 5.1% feel it is not necessary. The highest number of the farmers (80.8%) emphasized on the importance of proper guidelines and suggestions to adapt to climate change properly. However, 4.5% felt it was not important.
Among the financial and relevant other external supports from government, NGOs and other local and international agencies, raw materials subsidy, cash incentive, insurance or minimum income protection etc. from any external agencies are important to cope with climate change. Raw materials subsidy and cash incentive were found necessary and The notation *,^, and ∼ indicates the variable is statistically significant at the 1%, 5% and 10% significance level, respectively
The Odd ratio is calculated as (e^β ) needed for 79.8% of the farmers to cope with climate change impacts. Though for 7.6% farmers, it was not import (Table 6 ). Among those who needed raw materials subsidy 54% of farmers emphasized it as very important, and among those who need cash incentive 47% mention it was very important to cope with climate change. 78.3% emphasized on insurance supports or minimum income ensuring supports to adapt to climate change; only 4% feel it was not necessary. Among different encouraging relevant supports, proper infrastructural supports, such as transportation and irrigation, are important for farmers to adapt to changes in climate a Scale: 1 = Strongly Not Needed, 2 = Not Needed, 3 = Not Sure, 4 = Needed, 5 = Strongly Needed a Scale: 1 = Strongly Not Needed, 2 = Not Needed, 3 = Not Sure, 4 = Needed, 5 = Strongly Needed factors. 78.8% of the farmers agreed about the necessity of infrastructure related supports whereas 6.1% mention it was not at all important. Among the production practices related supports, diversify crop types, improve varieties of crops, change land usage patterns, change wage and leasing system, and merge individual farmers to farm are important supports to enable farmers adjust to climate changes. Many farmers (27.3%) considered diversifying crop types and varieties of crops were not necessary to cope with climate change; however 51% farmers considered this needed to adapt to climate change (Table 7) . 71.7% emphasized on importance of land usage pattern to cope with climate change. Only 5.6% felt it was not necessary.
73.2% of the farmers mentioned that the leasing system and agricultural wage were important factors toward adaptation to climate change, whereas only 8.1% did not see it as important. To adapt to climate change, 71.2% of the farmers thought merger of individual farmers into single, large farms, was necessary, 12.1% do not agree.
Among different types of external supports, the farmers setup the priority of supports based on the perceived importance of each categorical support to adapt to climate change (Table 8) . Farmers firstly needed financial and encouraging supports (agreed by 41.9%). Secondly, they needed information related supports (agreed by 32.3%). Thirdly, they needed resource management innovation related supports (agreed by 31.3%.) Fourthly, they needed crop development related supports (agreed by 33.8%). Finally, they need production practice related supports (agreed by 43.4%). The priority setup is based on the highest number of choice for each category, which differs among farmers based on individual necessities.
Conclusion and recommendations
Like in many other countries, changes in climatic factors have negative impacts on productivity of paddy cultivation in Malaysia. Projections of climatic change and its adverse effects on paddy productivity and socioeconomic status of the farmers are alarming. In this regard, an adaptation is essential in the long run for agricultural and livelihood sustainability. To improve the adaptability of the farmers, government and other agencies continuously increase the subsidy as well as other supports. At the same time, farmers also a Scale: 1 = Strongly Not Needed, 2 = Not Needed, 3 = Not Sure, 4 = Needed, 5 = Strongly Needed expect different types of new supports. So this study tries to measure the current level of adaptability of paddy producing farmers based on current level of supports and expected new supports. The study found that none of the external supports except the accessibility in the market-to buy fertilizer, pesticides and other necessaries from market-is statistically significantly related with the current adaptation ability of farmers. It indicates farmers' belief that buying additional fertilizer from market is not important for their current adaptability with climate change. Though 58.6% of the farmers agree that government supports are enough to cope properly with climate change, 12.1% of farmers are not able to cope with climate change with the current level of supports. Beyond the current level of supports, farmers also expect several other types of new supports. But the statistical output for the necessity of extra supports in respect of their current ability to adaptation shows very low odd ratio, indicating that the expected new supports are not influencing the farmers' current adaptability. Farmers expected new supports might be related with their future adaptability. At the same time, farmers also prioritize on their expected new supports. This will help policymaker to determine the future supports for climatic change adaptation for agricultural sector.
Since sustainability of agriculture and farmers' livelihood are strongly dependent on the subsidy and support in Malaysia, and the present level of farmers' adaptability to climate change lacks behind the expected level, there is a need for additional support and efforts by the government and other agencies beyond the current strategies of subsidy and incentives. Adaptation to climate change is a broad issue. It needs to be undertaken at many levels, including at the household and community levels. Many of these initiatives are self-funded (Stern 2007) . Farmers also need training and conceptual supports.
To enable farmers to adapt to climate change, the very first important step required is to make them aware of future risks of climate change, especially climate change related socioeconomic vulnerabilities. It will help them prepare their mindset to deal with climate change and other socioeconomic stresses and think about how to respond in adverse situations. Moreover, the production practices of farms and individual farmers are needed to be kept up to date with the changes in climatic factors. They should also take all precautions and be aware of the uncertainty of low rainfall and heavy rainfall. They must be careful in arranging proper water management, both in terms of irrigation facilities and 
a The priority position from most important to least important as 1 to 5 is given in the parenthesis quick water logout facilities. Apart from that, they also need to understand the importance of proper timing and react quickly at the sight of upcoming rainfall events. As the supply of irrigation water and changing crop cycle are emerging problems in the IADA North-West Selangor, farmers should be informed about crop rotation, crop portfolio and crop substitutions to address the environmental variations and economic risks associated with climate change, especially for near future. Moreover, they need to utilize land properly and change the locations of crop production, if possible, to cope with extreme cases. Further, they need to adapt to the changing length of growing seasons and associated changes in climate factors.
The financial management of farms and farmers too needs to be secured for a minimum of two seasons so that if crop is damaged in one season, they will be prepared and have the seeds for next season; their ability to bear the cost of another crop production will guarantee their survival financially up to the collection of the new crops. Currently heavy rainfall and storm is a very common phenomenon in the study area. For that reason, farmers should take the initiative for crop sharing, forward rating, hedging and insurance. Farmers also need crop insurance facilities, but no such option is currently available. Moreover, they need to take income stabilization programmes, such as portfolio of investment, saving scheme, minimum income protection by government or insurance to reduce the risk of income loss due to changing climatic conditions and variability. At last, it has been suggested to prepare a planned and proactive adaptation strategy in Malaysia to secure sound functioning of the economic, social and agricultural system.
The need for climatic change adaptation supports depend on the intensity of climatic effects which is mostly geographical area specific. Due to the location specific limitation, the findings of the study may not be appropriate for other regions, but it will help the policy makers to determine the supports for climate change adaptation in paddy production as well as agriculture sector, in Malaysia.
